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(57) ABSTRACT 
Disclosed herein are a controller device, a communication 
System and a controlling method for transmitting commands 
for designating two modes used in a Setup comprising a 
controller device and a plurality of target devices reserved 
by the controller device, the devices being interconnected by 
a data bus for transmitting data in a predetermined commu 
nication format, one of the two modes allowing the target 
devices to communicate with one another, the other mode 
inhibiting the reserved target devices from thus communi 
cating. Also disclosed are a communication System and a 
controlling method for varying between Such two modes a 
Standby time that must elapse before a command can be 
accepted following a bus reset, one mode permitting com 
munication between the reserved target devices, the other 

Jun. 9, 2000. mode inhibiting Such intercommunication. 
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CONTROLLING METHOD FORTRANSMITTING 
RESERVE COMMANDS FROM A CONTROLLER 

TO TARGET DEVICES 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a controller device, 
a communication System and a controlling method for 
transmitting commands for designating two modes used in a 
Setup including a controller device and a plurality of target 
devices reserved by the controller device, the devices being 
interconnected by a data bus for transmitting data in a 
predetermined communication format, one of the two modes 
allowing the target devices to communicate with one 
another, the other mode inhibiting the reserved target 
devices from thus communicating. More particularly, the 
invention relates to a communication System and a control 
ling method for varying between Such two modes a Standby 
time that must elapse before a command can be accepted 
following a bus reset, one mode permitting communication 
between the reserved target devices, the other mode inhib 
iting Such intercommunication. 

DESCRIPTION OF THE RELATED ART 

0002 Today, the IEEE (Institute of Electrical and Elec 
tronic Engineers) 1394 data interface has gained widespread 
acceptance as a digital data interface. Faster than the SCSI 
among others in terms of data transfer, the IEEE 1394 data 
interface is known to permit isochronous communication 
whereby data of a predetermined size are transmitted and 
received periodically. As such, the IEEE 1394 data interface 
is deemed advantageous in transferring Stream data Such as 
AV data in real time. 

0.003 Under these circumstances, data transmission sys 
tems have been proposed which interconnect various digital 
AV (audio visual) devices and electronic equipment Such as 
a personal computer via a data bus complying with digital 
data interface standards such as the IEEE 1394. 

0004 Such AV systems permit so-called remote control. 
For example, where a disc recording and reproducing appa 
ratus is connected with a personal computer, Suitably oper 
ating the personal computer can control the disc recording 
and reproducing apparatus in recording and playback as well 
as in editing recorded Sources. 
0005 According to digital data interface standards such 
as those of the IEEE 1394, the device executing remote 
control is called a controller and the device placed under 
remote control is called a target. 
0006 Where remote control is provided over AV systems 
connected through the IEEE 1394 data interface as in the 
above example, it may happen that one target is Subject to 
remote control by a plurality of controllers or that local keys 
of the target (e.g., operation keys attached to the device 
acting as the target) remain effective. Such cases are likely 
to lead to processing conflicts between the controller(s) and 
the target or to consequential inconsistencies therebetween. 
0007. This applicant already proposed a solution to such 
irregularities. The proposed Solution involved defining 
reserve commands of a data interface allowing a controller 
to reserve a target device under remote control (e.g., PCT 
Application No. PCT/JP99/06411). 
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0008 Illustratively, when a reserve command sent by a 
controller to a target is accepted, the target enters a reserve 
mode. In the reserve mode, the target rejects commands (i.e., 
rejects communication) from any device other than the 
controller that has transmitted the reserve command. Pro 
cessing conflicts conceivable between the controller and the 
target or possible consequential inconsistencies therebe 
tween are circumvented by inhibiting attempts to operate the 
target by any device other than the controller. 
0009. In practice, however, an AV system establishing a 
reserve mode can run into Some problems. For example, 
when a player is operated to copy or dub data to a recorder, 
it is necessary to communicate copy control information or 
like data regarding copyrights between the player and the 
recorder. If at least one of the player and the recorder is 
reserved by another device Such as a personal computer, 
there can be no communication of the copy control infor 
mation or the like between the player and the recorder, 
which inhibits copying of the appropriate data. 
0010 That is, establishing the reserve mode can disable 
communication between the target device and any device 
other than the controller reserving the target when the target 
needs to carry out an operation with a different device for a 
given purpose. 

SUMMARY OF THE INVENTION 

0011. The present invention has been made in view of the 
above circumstances and provides a controller device, a 
communication System and a controlling method for allow 
ing a device Selected as a target in a reserve mode by another 
device acting as the controller to communicate necessary 
information with yet another device other than the controller 
through a data interface. 
0012. In carrying out the invention and according to one 
aspect thereof, there is provided a controller device for 
controlling a plurality of target devices connected to a data 
buS for transferring data in a predetermined communication 
format, the controller device including first command gen 
erating means for generating a first reserve command for 
inhibiting any one of the target devices from getting 
accessed by another controller device or by any other target 
device, Second command generating means for generating a 
Second reserve command for reserving any one of the target 
devices So that the reserved target device is allowed to 
accept a Specific command transferred at least from another 
target device, and transmitting means for Selectively trans 
mitting to the target devices the first reserve command 
generated by the first command generating means and the 
Second reserve command generated by the Second command 
generating means. 
0013. According to another aspect of the invention, there 
is provided a communication System including: a controller 
device, a data bus for transferring data in a predetermined 
communication format, and a plurality of target devices 
connected via the data bus to the controller device, wherein 
the controller device includes: first command generating 
means for generating a first reserve command for inhibiting 
any one of the target devices from getting accessed by 
another controller device or by any other target device, 
Second command generating means for generating a Second 
reserve command for reserving any one of the target devices 
So that the reserved target device is allowed to accept a 
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Specific command transferred at least from another target 
device, third command generating means for generating a 
bus reset command for resetting the data bus for transferring 
data in the predetermined communication format, and trans 
mitting means for Selectively transmitting to the target 
devices the first reserve command generated by the first 
command generating means, the Second reserve command 
generated by the Second command generating means, and 
the bus reset command generated by the third command 
generating means, and wherein each of the target devices 
includes: receiving means for receiving from the transmit 
ting means the first reserve command generated by the first 
command generating means, the Second reserve command 
generated by the Second command generating means, and 
the bus reset command generated by the third command 
generating means, judging means for judging whether a 
reserve command received by the receiving means is the first 
reserve command or the Second reserve command, and 
controlling means for validating a reserve command 
received by the receiving means upon elapse of a first 
predetermined time following a bus reset if the reserve 
command thus received is judged by the judging means to be 
the first reserve command, the controlling means further 
validating a reserve command received by the receiving 
means upon elapse of a Second predetermined time follow 
ing the bus reset, the Second predetermined time being 
shorter than the first predetermined time, if the reserve 
command thus received is judged by the judging means to be 
the Second reserve command. 

0.014. Other objects, features and advantages of the 
invention will become more apparent upon a reading of the 
following description and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a block diagram of devices connected by 
an IEEE 1394 bus; 
0016 FIG. 2 is a block diagram of a recording and 
reproducing apparatus, 
0017 FIG. 3 is a block diagram of a reproducing appa 
ratus, 

0.018 
0019 FIG. 5 is a structural view of a layer stack model 
in an IEEE 1394 format; 
0020 FIG. 6 is a structural view of an IEEE 1394 bus 
cable; 
0021 FIG. 7A is a timing chart of a DATA signal 
transmitted over an IEEE 1394 bus; 
0022 FIG. 7B is a timing chart of a STROBE signal 
transmitted over the IEEE 1394 bus; 
0023 FIG. 7C is a timing chart of a CLOCK signal 
transmitted over the IEEE 1394 bus; 

0024 FIG. 8 is a schematic view of devices connected by 
an IEEE 1394 bus; 

FIG. 4 is a block diagram of a personal computer; 

0.025 FIG. 9A is a transition diagram explaining how a 
bus reset notice is transmitted upon generation of a bus reset; 
0.026 FIG. 9B is a transition diagram showing how 
parent-child(ren) relations are defined between devices after 
a bus reset, 
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0027 FIG. 9C is a transition diagram depicting how 
Node IDs of devices are determined; 
0028 FIG. 10 is a schematic view of a cycle structure in 
an IEEE 1394 format; 

0029 FIG. 11A is a transition diagram showing basic 
transaction rules on asynchronous communication; 
0030 FIG. 11B is a table listing contents of transmitted 
transaction requests, 

0031 FIG. 12A is a schematic view of a data structure in 
a bus address register for an IEEE 1394 bus; 
0032 FIG. 12B is a schematic view of a data structure of 
bus IDs for identifying IEEE 1394 buses; 
0033 FIG. 12C is a schematic view of a data structure of 
Node IDs assigned to devices connected to an IEEE 1394 
bus arrangement; 

0034 FIG. 12D is a schematic view of a register space 
data structure for an IEEE 1394 bus; 

0035 FIG. 12E is a schematic view of a register address 
data structure for an IEEE 1394 bus; 

0036 FIG. 13 is a schematic view of a CIP structure; 
0037 FIG. 14 is a schematic view of typical connective 
relations determined by plugs, 

0.038 FIG. 15A is a schematic view of a data structure in 
an output plug control register oPCRn; 

0039 FIG. 15B is a schematic view of a data structure in 
an input plug control register iPCRn; 
0040 FIG. 16 is a process transition diagram in effect 
when messages are written to command/response registers, 

0041 FIG. 17 is a schematic view of a data structure in 
an asynchronous packet; 

0042 FIG. 18 is actype/response table; 

0043) 
ture, 

0044 FIG. 19B is a table of commands in an operation 
code used when the subunit type is a VCR; 

FIG. 19A is a table of a subunit type data struc 

004.5 FIG.20 is an explanatory view of an asynchronous 
plug Structure; 

0046 FIG. 21A is a view of a data structure in connec 
tion with locations of plug address Spaces, 

0047 FIG. 21B is a view of a node offset data structure 
with regard to locations of plug address Spaces, 

0048 FIG. 21C is a view of a plug data structure 
asSociated with locations of plug address Spaces, 

0049) 
address, 

0050 FIG.22B is a view of a data structure constituting 
a register in a plug address, 

0051 FIG. 22C is an address offset table; 
0052 FIG. 23A is a data structure constituting a register 
in a plug address on the producer Side; 

FIG. 22A is a view of a data structure in a plug 
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0.053 FIG. 23B is a data structure constituting a register 
in a plug address on the consumer Side; 
0.054 FIG. 24 is a transition diagram of command trans 
actions between a producer and a consumer; 
0055 FIG. 25 is a view of a data structure in a normal 
reserve control command; 
0056 FIG. 26 is a view of a data structure in a normal 
reserve Status command; 
0057 FIG. 27 is a block diagram of a controller device 
and target devices reserved by the controller device, the 
devices being interconnected by an IEEE 1394 bus arrange 
ment, 

0.058 FIG. 28 is a timing chart of a standby period that 
elapses following a bus reset of a target device reserved by 
a controller device using a normal reserve command; 
0059 FIG. 29 is a view of a data structure in a vender 
dependent reserve command; 
0060 FIG. 30 is a view of a data structure in a vender 
dependent reserve command for reserving an MD recorder/ 
player; 
0061 FIG. 31 is a timing chart of a standby time that 
elapses following a bus reset of a target device reserved by 
a controller using a vender dependent reserve command; and 
0.062 FIG. 32 is a flowchart of steps in which a target 
device carries out its processing in response to reserve 
commands received. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0063 Preferred embodiments of this invention will now 
be described in the following order: 

0064 1. System Configuration 
0065 
0.066) 
0067 
0068) 

0069 2. Data Communications of the Invention in 
Compliance with the IEEE 1394 

0070) 2-1. Overview 
0.071) 2-2. Stack Model 
0072 2-3. Forms of Signal Transmission 
0073) 
0.074 2-5. Packets 
0075) 2-6. Transaction Rules 
0076) 2-7. Addressing 
0.077 2-8. CIP (Common Isochronous Packet) 
0078 2-9. Connection Management 
0079 
0080) 
0081) 

1-1. Overall Configuration 
1-2. MD Recorder/Player 
1-3. CD Player 
1-4. Personal Computer 

2-4. Bus Connection between Devices 

2-10. Commands and Responses under FCP 
2-11. AV/C Command Packet 

2-12. Plugs 
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0082 2-13. Asynchronous Connection Transmis 
Sion Procedures 

0083) 2-14. Reserve Commands 
0084) 2-15. Background of This Invention 

0085 2-16. Vender Dependent Reserve Commands 
0086) 2-17. Processing by the Target in Reserve 
Mode 

0087. 1. System Configuration 
0088 1-1. Overall Configuration 
0089 FIG. 1 shows a typical configuration of an inven 
tive AV System whose components are interconnected 
through an IEEE 1394 digital data interface arrangement. 
0090 The AV system in FIG. 1 has a personal computer 
200, a CD player 100 and an MD recorder/player 1 con 
nected by cables 601 compatible with the IEEE 1394 data 
interface. The connection allows the personal computer 200, 
CD player 100 and MD recorder/player 1 to communicate 
with one another via an IEEE 1394 bus 116. 

0091. The MD recorder/player 1 is a digital audio device 
capable of recording and reproducing audio data to and from 
a magneto-optical disc known as the Mini-disc (MD; reg 
istered trademark). Illustratively, the MD recorder/player 1 
records to an MD digital audio data sent from the CD player 
100 through the IEEE 1394 bus 116. The MD recorder/ 
player 1 retrieves digital audio data from an MD and Sends 
the retrieved data over the bus 116 illustratively to the 
personal computer 200 for auditory output from its Speakers. 
0092. The CD player 100 is audio equipment for repro 
ducing audio data from a compact disc (CD). Retrieved 
audio data from the CD are output through the IEEE 1394 
bus 116. 

0093. The personal computer 200 receives via the IEEE 
1394 bus 116 reproduced audio data from the CD player 100 
or MD recorder 1, and subjects the received data to auditory 
output or to Such editing processes as music Sequence 
change, division and connection. The personal computer 200 
is also capable of executing remote control under which the 
CD player 100 or MD recorder/player 1 is controlled in 
recording or playback operations. 

0094. The functions above are implemented by installing 
suitable application software in the personal computer 200. 
0.095) 1-2. MD Recorder/Player 
0096 FIG. 2 depicts an internal structure of a recording 
and reproducing apparatus (MD player/recorder) 1 included 
in an AV system 3 embodying the invention. 
0097. A magneto-optical disc (Mini-disc) 90 with audio 
data Stored thereon is rotated by a spindle motor 2. At the 
time of recording or playback, an optical head 3 emits a laser 
beam onto the magneto-optical disc 90. 
0098. For recording, the optical head 3 provides a high 
level laser output to heat recording tracks of the disc up to 
the Curie temperature. For playback, the optical head 3 
performs a laser output on a relatively low level to detect 
data from reflected light coming from the disc through the 
magnetic Kerr effect. 
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0099. The optical head 3 has an optical system consti 
tuted by a laser diode, by a polarization beam Splitter and by 
an object lens, as well as detectors for capturing reflected 
light. The object lens 3a is held by a two-axis mechanism 4 
in-a manner radially relocating over the disc Surface and 
moving thereto and therefrom. 
0100. A magnetic head 6a is positioned in symmetric 
relation to the optical head 3 across the disc 90. In operation, 
the magnetic head 6a applies a magnetic field modulated by 
Supplied data to the magneto-optical disc 90. 

0101 The optical head 3 as a whole and the magnetic 
head 6a are moved radially over the disc by a sled mecha 
nism 5. 

0102. Upon playback, information retrieved from the disc 
90 by the optical head 3 is supplied to an RF amplifier 7. In 
turn, the RF amplifier 7 processes the Supplied information 
and extracts therefrom a reproduced RF signal, a tracking 
error Signal TE, a focus error Signal FE, and groove infor 
mation GFM, i.e., absolute position information recorded in 
Wobbling grooves through frequency modulation at a pre 
determined frequency on the magneto-optical disc 90. 
0103) The reproduced RF signal thus extracted is sent to 
an EFM/ACIRC encoder/decoder 8. The tracking error 
Signal TE and focus error Signal FE are fed to a Servo circuit 
9. The groove information GFM is forwarded to an address 
decoder 10. 

0104. The servo circuit 9 generates various servo drive 
Signals upon receipt of the tracking error Signal TE and focus 
error Signal FE and in accordance with a track jump com 
mand and an acceSS command from a System controller 11 
(microcomputer) as well as detected rotating speed infor 
mation from the Spindle motor 2. The Servo drive signals 
thus generated are used to control the two-axis mechanism 
4 and sled mechanism 5 for focusing and tracking control 
and to keep the Spindle motor 2 at a constant linear Velocity 
(CLV). 
0105 The address decoder 10 decodes the Supplied 
groove information GFM to extract address information 
therefrom. The address information is sent to the system 
controller 11 for control over various operations. 
0106 The reproduced RF signal is subjected to such 
decoding processes as EFM (eight to fourteen modulation) 
demodulation and CIRC (cross interleave Reed-Solomon 
coding) by the EFM/ACIRC encoder/decoder 8. During the 
processing, address and Sub-code data are extracted and fed 
to the system controller 11. 
0107 Audio data having undergone such decoding pro 
cesses as EFM demodulation and CIRC by the EFM/ACIRC 
encoder/decoder 8 are written temporarily to a buffer 
memory 13 under control of a memory controller 12. 
Retrieval of data from the disc 90 by the optical head 3 and 
transfer of reproduced data from the optical head 3 to the 
buffer memory 13 are carried out at a rate of 1.41 Mbits/sec., 
usually in an intermittent fashion. 

0108). The data written to the buffer memory 13 are 
retrieved in a properly timed manner for transfer at a rate of 
0.3 Mbits/sec. to an audio data compression/decompression 
encoder/decoder 14. The encoder/decoder 14 subjects the 
received data in compressed format to decoding and other 
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related reproduced-Signal processes to generate a digital 
audio Signal Sampled at a frequency of 44.1 KHZ and 
quantized in 16 bits. 
0109 The digital audio signal is converted to an analog 
audio signal by a D/A converter 15. The analog signal is sent 
to an output processing unit 16 for level and impedance 
adjustment before being output as an analog audio signal 
Aout through a line output terminal 17 to an external device. 
The analog audio signal is also fed to a headphone output 
terminal 27 as a headphone output HPout to headphones that 
may be connected. 
0110. The digital audio signal following decoding by the 
audio data compression/decompression encoder/decoder 14 
is Sent to a digital interface 22 for output as a digital audio 
Signal Dout through a digital output terminal 21 to an 
external device. Illustratively, the Signal may be output to an 
external device over an optical cable. 
0111. An analog audio signal Ain fed to a line input 
terminal 18 for writing to the magneto-optical disc 90 is first 
converted to a digital audio signal by an A/D converter 19. 
The digital audio Signal is Supplied to the audio data 
compression/decompression encoder/decoder 14 for audio 
data compression encoding. 
0112) If a digital audio signal Din is supplied through a 
digital input terminal 20 from an external device, the digital 
interface 22 extracts control codes from the Supplied data. 
The audio data are forwarded to the audio data compression/ 
decompression encoder/decoder 14 for audio data compres 
Sion encoding. 
0113 Although not shown, a microphone input terminal 
may obviously be provided to accept microphone input as an 
input Signal as well. 
0114. The data compressed by the audio data compres 
Sion/decompression encoder/decoder 14 into recording data 
are written in a temporarily cumulative manner to the buffer 
memory 13 by the memory controller 12. The data are then 
retrieved from the buffer memory 13 in increments of a 
predetermined data size and sent to the EFM/ACIRC 
encoder/decoder 8 for encoding processes Such as CIRC 
encoding and EFM. After the encoding operation by the 
EFM/ACIRC encoder/decoder 8, the data are fed to a 
magnetic head drive circuit 6. 
0115 The magnetic head drive circuit 6 supplies the 
magnetic head 6a with a magnetic head drive Signal in 
accordance with the encoded recording data. Specifically, 
the magnetic head drive circuit 6 causes the magnetic head 
6a to apply an N or S field to the magneto-optical disc 90. 
At this time, the System controller 11 provides the optical 
head 3 with a control Signal to output a recording-level laser 
beam. 

0116. An operation unit 23 has controls made up of keys 
and dials to be operated by a user. The controls cover 
recording and reproducing operations Such as playback, 
recording, temporary halt, Stop, fast forward (FF), rewind 
(REW), and auto music search (AMS); playing mode 
related operations Such as normal playback, program play 
back and shuffle playback, display mode-related operations 
performed to Switch display Status of a display unit 24, and 
program editing operations Such as track Segmentation, track 
concatenation, track erasure, track name input, and disc 
name input. 
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0117 Operating information coming from these opera 
tion keys and dials are Sent to the System controller 11 which 
carries out control operations accordingly. 

0118. This embodiment of the invention includes a 
receiving unit 30 that receives command Signals transmitted 
by a remote controller 32 using illustratively infrared radia 
tion. The receiving unit 30 decodes a received signal to 
output command code to the system controller 11. The 
System controller 11 also performs its control operations 
based on the operating information coming from the receiv 
ing unit 30. 

0119) The display unit 24 is controlled in terms of display 
operation by the system controller 11. The system controller 
11 transmits data to be displayed to a display driver inside 
the display unit 24 for data display. Given the data, the 
display driver drives accordingly the display unit 24 Such as 
a liquid crystal display in display operation So that numerals, 
characters and Symbols are displayed. 

0120) The display unit 24 indicates operation mode status 
of the disc currently loaded for recording or playback, as 
well as the track number, recording/playback time and 
editing Status. 

0121 The disc 90 is capable of storing character infor 
mation Such as track names and album titles to be managed 
in connection with programs furnished as main data. Char 
acters upon Storage as character information are displayed 
on the display unit 24, and character information retrieved 
from the disc is also displayed. 

0122) With this embodiment, the disc 90 may record 
auxiliary data as a data file independent of music and other 
data constituting programs. 

0123. A data file as auxiliary data is made of information 
Such as characters and Still pictures. These characters and 
Still pictures may be output and displayed by the display unit 
24. 

0.124. This embodiment of the invention has a JPEG 
decoder 26 designed to display Still pictures and characters 
made of auxiliary data onto the display unit 24. 
0.125 More specifically, still picture data making up a 
data file as auxiliary data are recorded in a compressed file 
format complying with the JPEG (Joint Photographic Cod 
ing Experts Group) criteria. The JPEG decoder 26 admits 
through the memory controller 12 illustratively a still picture 
data file that has been retrieved from the disc 90 and written 
cumulatively to the buffer memory 13. The received file is 
decompressed as per the JPEG criteria before being output 
to the display unit 24. This causes the display unit 24 to 
display the Still picture data made up of auxiliary data. 

0.126 For output of character information or still picture 
information constituted by auxiliary data, it is often pre 
ferred to install a full-dot display or CRT display of a 
relatively large size offering an appreciably high degree of 
display freedom on its Screen. In that case, the auxiliary data 
may be output through another interface 25 and displayed on 
Such an externally furnished monitor. 

0127 Auxiliary data files may be recorded by the user on 
the disc 90. For such data file input, it may be necessary to 
use an image Scanner, a personal computer and/or a key 
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board. Information constituting the auxiliary data may then 
be input through the interface 25 from these externally 
added devices. 

0128. For this embodiment, an IEEE 1394 interface is 
assumed to be adopted as the interface 25. In the description 
that follows, the interface 25 and the IEEE 1394 interface 
will be referred to interchangeably. The IEEE 1394 interface 
25 is connected to various external devices through the IEEE 
1394 buS 116. 

0129. The system controller 11 is a microcomputer com 
prising an internal interface. The microcomputer performs 
the above-described diverse control operations. 
0.130. A program ROM 28 stores programs for allowing 
this recording and reproducing apparatus to implement 
various operations. A work RAM 29 accommodates as 
needed data and programs for allowing the System controller 
11 to carry out various processes. 
0131) To write or reproduce data to or from the disc 90 
requires retrieving therefrom management information, i.e., 
P-TOC (pre-mastered TOC (table of contents)) and U-TOC 
(user TOC). Given Such management information, the Sys 
tem controller 11 identifies addresses of those areas on the 
disc. 90 to or from which to record or retrieve data. The 
management information is retained in the buffer memory 
13. 

0132) When the disc 90 is loaded, the system controller 
11 retrieves its management information by reproducing 
data from the innermost region on the disc where the 
information in question is recorded. The retrieved informa 
tion is placed into the buffer memory 13 which may be 
referenced Subsequently to execute recording, playback or 
editing of programs on the disc 90. 
0133. The U-TOC is updated in keeping with program 
data recordings and various editing processes. Every time 
data are recorded or edited, the System controller 11 updates 
the U-TOC information in the buffer memory 13. The update 
operation is paralleled in a Suitably timed manner by an 
update of the U-TOC area on the disc 90. 
0134) The disc 90 accommodates auxiliary data files 
apart from the programs. An AUX-TOC is formed on the 
disc 90 for managing these auxiliary data files. 
0135 Upon retrieval of the U-TOC, the system controller 
11 also reads out the AUX-TOC and places it into the buffer 
memory 13. Managed Status of the auxiliary data may later 
be referenced by looking up the AUX-TOC in the buffer 
memory 13. 

0.136 The system controller 11 reads auxiliary data files 
as needed and in a Suitably timed fashion or Simultaneously 
with retrieval of the AUX-TOC. The retrieved files are 
placed into the buffer memory 13. The auxiliary data files are 
then output in a properly timed manner according to the 
AUX-TOC and displayed in the form of characters and 
images on the display unit 24 or on an external device via the 
IEEE 1394 interface 25. 

0137 In the above setup, the IEEE 1394 interface 25 is 
capable of transmitting and receiving audio data. That means 
the MD recorder/player embodying this invention receives 
audio data transferred through the IEEE 1394 interface 25 
and records the received data to the disc 90. 
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0138 If the transferred audio data are illustratively digital 
audio data Sampled at a frequency of 44.1 KHZ and quan 
tized in 16 bits, then the data are forwarded through the 
System controller 11 to the audio data compression/decom 
pression encoder/decoder 14 for audio data compression. 
0.139. If the transferred audio data turn out to be com 
pressed audio data in compliance with the compression 
format of this MD recorder/player, then the data are sent 
through the system controller 11 to the memory controller 
12. 

0140 1-3. CD Player 
0141) A structure of the CD player 100 will now be 
described with reference to FIG.3. The CD player 100 uses 
a spindle motor 102 to keep the revolutions of an optical disc 
(compact disc or CD) 91 at a constant linear velocity (CLV). 
0142. An optical head 103 comprises an object lens 103a 
and a two-axis mechanism 104 in addition to a Semicon 
ductor laser device and a light-receiving unit, neither shown. 
The light-receiving unit captures light reflected from the 
Surface of the optical disc under Semiconductor laser irra 
diation. 

0143. The two-axis mechanism 104 is constituted by a 
focusing coil to drive the object lens 103a for movements to 
and away from the optical disc 91, and by a tracking coil to 
drive the object lens 103a for radial movements across the 
optical disc 91. 
0144) The optical head 103 itself is moved as a whole by 
a sled mechanism 105 in the radial direction over the optical 
head 91. 

0145 Reflected light information captured by the light 
receiving unit inside the optical head 103 is fed to an RF 
amplifier 106 for current-to-voltage conversion followed by 
matrix computation. In turn, the RF amplifier 106 produces 
a focus error Signal FE, a tracking error Signal TE and an RF 
Signal. 
0146 The RF signal, which is a reproduced signal, is 
extracted as light quantity information Stemming from laser 
beam irradiation onto the disc 91. 

0147 The focus error signal FE and tracking error signal 
TE generated by the RF amplifier 106 are supplied to a servo 
circuit 107 for phase compensation and gain adjustment. 
Thereafter the signals are sent through a drive amplifier (not 
shown) to the focusing coil and tracking coil in the two-axis 
mechanism 104. 

0148 Given the tracking error signal TE, the servo circuit 
107 generates accordingly a sled error Signal through a 
low-pass filter (LPF). The sled error signal is fed to the sled 
mechanism 105 through a sled drive amplifier (not shown). 
0149 The RF signal produced by the RF amplifier 106 is 
sent to a signal processing circuit 108 for binarization, EFM 
demodulation and CIRC error correction, whereby a digital 
audio signal is extracted as reproduced data. 
0150 Given the EFM signal in binary format, the signal 
processing circuit 108 generates accordingly a Spindle error 
Signal for controlling disc revolutions. The Spindle error 
Signal is Supplied to the Spindle motor 102. 
0151. Upon receipt of the binary EFM signal, the signal 
processing circuit 108 further executes a PLL (phase locked 
loop) to generate a reproduced clock. 
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0152 The operations of the servo circuit 107 and signal 
processing circuit 108 are controlled by a system controller 
111. 

0153. The digital audio signal from the signal processing 
circuit 108 is sent illustratively through the system controller 
111 to an IEEE 1394 interface 110 for conversion to data 
complying with an IEEE 1394 digital interface format. The 
converted data are transmitted over the IEEE 1394 bus 116. 

0154) The IEEE 1394 interface is capable of transmitting 
inter-device control signals illustratively through the IEEE 
1394 interface 110 of the CD player and through the 
IEEE1394 interface 25 of the MD recorder/player 1. This 
eliminates the need for conventional arrangements for com 
municating control signals through a terminal 117 (on the 
CD player) and the terminal 21 (on the MD recorder/player 
1). 
O155 The digital audio signal from the signal processing 
circuit 108 is split and fed to a D/A converter 109 as well. 
The D/A converter 109 converts the input digital audio 
Signal to an analog audio signal that is Sent through an output 
terminal 113 to the input terminal 17 of the MD recorder 1. 
0156 An operation unit 114 has a variety of keys (con 
trols) allowing the user at least to control various playback 
operations of the CD player 100. When a key is operated, the 
operation unit 114 outputs a command Signal representing 
the operated key to the system controller 111. 

0157 Under control of the system controller 111, a dis 
play unit 115 indicates playback Status (playing time, repro 
duced track, playback mode, etc.). 
0158. The system controller 111 in the CD player 100 
carries out control processes for various internal function 
circuits causing the CD player 100 to execute diverse 
playback operations. Such control processes include those 
for performing operations reflecting the commands Sent 
from the operation unit 114. 
0159) 1-4. Personal Computer 
0160 An internal structure of the personal computer 200 
will now be described by referring to FIG. 4. 
0.161. As illustrated, the personal computer 200 has an 
IEEE 1394 interface 209 for exchanging data with an 
external entity. The IEEE 1394 interface 209 is connected to 
the IEEE 1394 bus 116 serving as an external data bus for 
two-way communication with an external device. 
0162 The IEEE 1394 interface 209 demodulates packets 
received over the IEEE 1394 bus 116, extracts data from the 
received packets, converts the extracted data to a data format 
compatible with internal data communication, and outputs 
the converted data to a CPU (central processing unit) 201 
through an internal bus 210. 
0163. Furthermore, the IEEE 1394 interface 209 admits 
output data under control of the CPU 201, Subjects the data 
to modulation processes based on an IEEE 1394 format such 
as conversion into packets, and transmits the modulated data 
to the Outside over the IEEE 1394 bus 116. 

0164. The CPU 201 carries out a number of processes in 
accordance with programs retained illustratively in a ROM 
(Read Only Memory) 202. This embodiment has in its ROM 
202 programs for controlling the IEEE 1394 interface 209 to 
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permit data exchanges in keeping with the IEEE 1394 
criteria. That is, the personal computer 113 has a set of 
hardware and Software for enabling data exchanges under 
the IEEE 1394. 

0165 ARAM (Random Access Memory) 203 accommo 
dates as needed data and programs for allowing the CPU 201 
to execute various processes. 

0166 An input/output interface 204 is connected to a 
keyboard 205 and a mouse 206. Operation-induced signals 
from these components are forwarded through the interface 
204 to the CPU 201. The I/O interface 204 is also connected 
to a hard disc drive 207 containing hard discS as a Storage 
medium. Through the I/O interface 204, the CPU 201 may 
write and read data and programs to and from the hard discs 
in the hard disc drive 207. In this setup, the I/O interface 204 
is further connected to a display monitor 208 for picture 
display. 

0167. The internal bus 210 is constituted illustratively by 
a PCI (Peripheral Component Interconnect) bus or by a local 
bus. As such, the internal bus 210 provides interconnections 
between the internal function circuits. 

0168 In the MD recorder/player 1 and CD player 100 
described above, their IEEE 1394 interface adopts basically 
the Same functional Structure as that of the personal com 
puter 113. 
0169 More specifically, the MD recorder/player 1 in 
FIG. 2 has in its program ROM 28 programs for allowing 
the system controller 111 to control the IEEE 1394 interface 
25. Likewise the CD player 100 in FIG. 3 has in its ROM 
(not shown) programs for allowing the System controller 111 
to control the IEEE 1394 interface 110. 

0170 The system configuration of this embodiment 
wherein the components are interconnected by means of 
IEEE 1394 bus lines has been described only for illustrative 
purposes and is not limitative of the invention. Other Suit 
able configurations may be utilized alternatively. 

0171 2. Data Communications of the Invention in Com 
pliance with the IEEE 1394 

0172 2-1. Overview 
0173 Below is a description of how data communica 
tions of the invention take place in accordance with the IEEE 
1394. 

0.174. The IEEE 1394 constitutes one of serial data com 
munication standards. Under the IEEE 1394, there are two 
data transmission method: isochronous communication 
method for periodical communications, and asynchronous 
communication method for asynchronous communications 
free of periodicity. Generally, the isochronous communica 
tion method is used for data transmission and reception 
while the asynchronous communication method is adopted 
for exchanging various control commands. A single cable 
allows data and commands to be transmitted and received by 
the two communication methods. 

0.175. As described, an AV system according to the inven 
tion permits exchanging of audio data including compressed 
audio data as user data and auxiliary data made of picture 
files (JPEG still picture data) and text files compatible with 
an MD recorder/player, between configured devices over an 

Jul. 28, 2005 

IEEE 1394 bus arrangement. The AV system also allows a 
device acting as a controller to exercise remote control over 
a device Selected as a target. 
0176) Audio data are time-series data that call for audio 
output based on playback time, which requires real time 
processing. In addition, audio data are far greater in quantity 
than auxiliary data. The auxiliary data are modest in quantity 
compared with audio data and, unlike ATRAC data, are not 
Strictly Subject to real-time constraints although the data are 
Sometimes reproduced in Synchronism with audio data play 
back. 

0177. Overall, the IEEE 1394 interface of this embodi 
ment requires that audio data be transmitted and received by 
the isochronous communication method over an IEEE 1394 
buS and that auxiliary data be exchanged by the asynchro 
nous communication method over the same bus. With this 
embodiment, it is possible for the. IEEE 1394 interface 
either to Send audio data and auxiliary data separately, or to 
transmit both audio and auxiliary data using isochronous 
cycles on a time division basis, i.e., in an apparently Simul 
taneous manner as will be described later. 

0.178 What follows is a description of the embodiment 
carrying out communications in compliance with the IEEE 
1394 criteria. 

0179 2-2. Stack Model 
0180 FIG. 5 shows a stack model of the IEEE 1394 as 
implemented in this embodiment. The IEEE 1394 format 
comes in two types: asynchronous format (400) and isoch 
ronous format (500). Common to both the asynchronous 
format (400) and the isochronous format (500) is the lowest 
layer called a physical layer (301) above which is a link 
layer (302). The physical layer (301) takes care of signal 
transmission on a hardware basis. The link layer (302) has 
functions for converting an IEEE 1394 bus illustratively to 
an internal bus Specific to a given device. 
0181. The physical layer (301), the link layer (302), and 
a transaction layer (401) to be described below, are linked to 
serial bus management 303 by event/control/configuration 
lines. An AV cable/connector 304 represents physical con 
nectors and cables needed for AV data transmission. 

0182 For the asynchronous format (400), the transaction 
layer (401) comes on top of the link layer (302). The 
transaction layer (401) defines data transmission protocols 
of the IEEE 1394. As basic asynchronous transactions, the 
transaction layer (401) designates a write transaction, a read 
transaction and a lock transaction. 

0183) The transaction layer (401) is topped by an FCP 
(Function Control Protocol)(402). The FCP (402) executes 
command control over various AV devices by use of control 
commands defined as AV/C commands (AV/C Digital Inter 
face Command Set)(403). 
0184. Above the transaction layer (401) are plug control 
registers (404) for establishing plugs (logical device con 
nections under the IEEE 1394, to be described later) using 
connection management procedures (405). 
0185. In the isochronous format (500), a CIP (Common 
Isochronous Packet) header format (501) comes above the 
link layer (302). Under management of the CIP header 
format (501), there are stipulated such transmission proto 
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cols as SD (standard density)-DVCR (Digital Video Camera 
Recorder) Real time Transmission (502), HD (High Den 
sity)-DVCR Real time Transmission (503), SDL (Standard 
Density Long)-DVCR Real time Transmission (504), 
MPEG2 (Moving Picture Coding Experts Group 2)-TS 
(Transport Stream) Real time Transmission (505), and Audio 
and Music Real time Transmission (506). 
0186 The SD-DVCR Real time Transmission (502), HD 
DVCR Real time Transmission (503), and SDL-DVCR Real 
time Transmission (504) are data transmission protocols that 
address digital VTRs (Video Tape Recorders). 
0187 Data to be handled by the SD-DVCR Real time 
Transmission (502) are a data sequence (SD-DVCR data 
sequence (507)) acquired in accordance with an SD-DVCR 
recording format (508). 
0188 Data to be manipulated by the HD-DVCR Real 
time Transmission (503) are a data sequence (SD-DVCR 
data sequence (509)) obtained in keeping with an HD 
DVCR recording format (510). 
0189 Data to be dealt with by the SDL-DVCR Real time 
Transmission (504) are a data sequence (SD-DVCR data 
sequence (511)) gained as per an SDL-DVCR recording 
format (512). 
0190. The MPEG2-TS Real time Transmission (505) is a 
transmission protocol that addresses illustratively tunerS for 
digital broadcasts via satellite. Data to be handled by this 
protocol are a data sequence (MPEG2-TS data sequence 
(513)) acquired in compliance with a DVB (Digital Video 
Broadcast) recording format (514) or an ATV (Analog 
Television) recording format (515). 
0191 The Audio and Music Real time Transmission 
(506) is a transmission protocol that addresses a whole range 
of digital audio equipment including-the MD System 
embodying this invention. Data to be dealt with by this 
protocol are a data sequence (Audio and Music data 
Sequence) obtained in accordance with an audio and music 
recording format (517). 
0.192 2-3. Forms of Signal Transmission 
0193 FIG. 6 depicts a typical structure of a cable actu 
ally used as an IEEE 1394 bus. 
0194 In FIG. 6, connectors 600A and 600B are con 
nected via a cable 601. Pins numbered 1 through 6 are shown 
to be used as pin terminals attached to the connectors 600A 
and 600B. 

0195 Of the pin terminals on the connectors 600A and 
600B, pin No. 1 corresponds to power supply (VP), pin No. 
2 to ground (VG), pin No. 3 to TPB1, pin No. 4 to TPB2, pin 
No. 5 to TPA1, and pin No. 5 to TPA2. 
0196. The pins are interconnected between the connec 
tors 600A and 600B as follows: 

0197) pin No. 1 (VP) to pin No. 1 (VP); 
0198 pin No. 2 (VG) to pin No. 2 (VG); 
0199 pin No. 3 (TPB1) to pin No. 5 (TPA1); 
0200 pin No. 4 (TPB2) to pin No. 6 (TPA2); 
0201 pin No. 5 (TPA1) to pin No. 3 (TPB1); and 
0202 pin No. 6 (TPA2) to pin No. 4 (TPB2) 

Jul. 28, 2005 

0203 Of the above pin connection pairs, two twisted-line 
pairs 

0204 pin No. 3 (TPB1) to pin No. 5 (TPA1) and 
0205 pin No. 4 (TPB2) to pin No. 6 (TPA2) 

0206 constitute a signal line 601A for alternately trans 
mitting Signals on a differential basis. Furthermore, another 
two twisted-line pairs 

0207 pin No. 5 (TPA1) to pin No. 3 (TPB1) and 
0208 pin No. 6 (TPA2) to pin No. 4 (TPB2) 

0209 form a signal line 601B for alternately transmitting 
Signals also on a differential basis. 
0210. The signals sent over the two signal lines 601A and 
601B are a data signal (Data) shown in FIG. 7A and a strobe 
signal (Strobe) in FIG. 7B. 
0211 The data signal in FIG. 7A uses one of the signal 
lines 601A and 601B. This data signal is output through 
TPB1 and TPB2 and enters TPA1 and TPA2. 

0212. The strobe signal in FIG. 7B is obtained by per 
forming a predetermined logic operation on the data Signal 
and on a transmission clock Synchronized with this data 
Signal. For that reason, the Strobe Signal has a frequency 
lower than that of the actual transmission clock. The strobe 
signal uses either of the signal lines 601A and 601B that is 
not occupied for data Signal transmission. Following propa 
gation over the signal line, the strobe signal is output 
through TPA1 and TPA2 to enter TPB1 and TPB2. 
0213 Suppose that the data signal of FIG. 7A and strobe 
signal of FIG. 7B are input to a device complying with the 
IEEE 1394. In that case, the device carries out the appro 
priate logic operation on the input data Signal and Strobe 
Signal to generate a transmission clock (Clock) shown in 
FIG. 7C. The transmission clock thus generated is used for 
necessary input data Signal processing. 
0214. By adopting such hardware-based data transmis 
Sion forms, the IEEE 1394 format eliminates the need for 
transferring a rapid-cycle transmission clock over cables 
between configured devices. This enhances the reliability of 
Signal transmission. 
0215. Although the six-pin arrangement has been 
described above, this is not limitative of the invention. 
Alternatively, the IEEE 1394 format may omit the power 
Supply (VP) and ground (VG) to form a four-pin arrange 
ment consisting of two twisted-line pairs, i.e., Signal lines 
601A and 601B only. The MD recorder/player 1 of the 
embodiment may illustratively utilize Such a four-pin cable 
arrangement to provide users with a more simplified System 
than ever. 

0216 2-4. Bus Connection between Devices 
0217 FIG. 8 illustrates schematically how devices are 
typically interconnected by use of IEEE 1394 buses. The 
setup of FIG. 8 shows five devices A through E (nodes) 
being connected for intercommunication via the IEEE 1394 
buses. 

0218. The IEEE 1394 interface is capable of what is 
known as daisy-chain connection whereby apparatuses Such 
as the devices A, B and C in FIG. 8 are serially connected 
through the IEEE 1394 buses. The interface also permits 



US 2005/0165981 A1 

So-called branch connection whereby an apparatus is con 
nected in parallel with multiple apparatuses, as in the Setup 
of FIG. 8 in which the device A is connected parallelly with 
the devices B, D and E. 
0219. The system as a whole is allowed to have up to 63 
devices (nodes) configured through both branch connection 
and daisy-chain connection. Used alone, the daisy-chain 
connection permits a configuration of up to 16 devices (16 
pop). Terminators needed for the SCSI (Small Computer 
System Interface) are not necessary for the IEEE 1394 
interface. 

0220) The IEEE 1394 interface allows the devices con 
nected by Such daisy-chain connection or branch connection 
to communicate with one another. In the setup of FIG. 8, the 
devices A, B, C, D and E are allowed to communicate with 
one another. 

0221) Within the system where a plurality of devices are 
connected by IEEE 1394 buses (the system is also called the 
IEEE 1394 system hereunder), each of the configured 
devices is assigned a node-ID in practice. The process of 
node-ID assignment is shown schematically in FIGS. 9A, 
9B and 9C. 

0222. In an IEEE 1394 system whose connection setup is 
shown in FIG. 9A, a bus reset is generated if a cable is 
connected or disconnected, if any one of the configured 
devices of the System is turned on or off, or if a Spontaneous 
process takes place under PHY (Physical Layer Protocol). In 
Such a case, a bus reset notice is sent to all devices A, B, C, 
D and E over the IEEE 1394 buses. 

0223) The bus reset notice triggers communications 
(called Child-Notify) that result in defining parent-child 
relations between adjacent devices as depicted in FIG. 9B. 
That is, a tree Structure of the configured devices is built 
within the IEEE 1394 system. With the tree structure estab 
lished, the device constituting a root of the tree is defined. 
The root is a device whose terminals are all defined as 
“children” (Ch). In the setup of FIG. 9B, the device B is 
defined as the root. In other words, a terminal of the device 
connected to the device B as the root is defined as a “parent” 
(P). 
0224. When the tree structure and its root have been 
defined in the IEEE 1394 system as described above, each 
device then outputs a Self-ID packet as a declaration of its 
own node-ID. The root grants one node-ID after another to 
the connected devices, whereby addresses (node-IDs) of the 
devices constituting the IEEE 1394 system are determined. 
0225 2-5. Packets 
0226. As shown in FIG. 10, the IEEE 1394 format effects 
data transmission through repeated isochronous cycles 
(nominal cycles). It is stipulated that each isochronous cycle 
lasts 125 usec on a frequency band of 100 MHz. It is also 
Stipulated that the isochronous cycle may have a duration 
period other than 125 uSec. For transmission, data are turned 
into packets in each isochronous cycle. 
0227. As illustrated in FIG. 10, each isochronous cycle is 
headed by a cycle Start packet indicating the beginning of the 
cycle. When to generate cycle Start packets is designated by 
a device defined as a cycle master in the IEEE 1394 system. 
Details of the cycle Start packet generation will not be 
described further. 
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0228. Each cycle start packet is followed preferentially 
by isochronous packets. As shown in FIG. 10, the isochro 
nous packets correspond to a channel each and are trans 
ferred on a time division basis (in the form of isochronous 
Subactions). In isochronous Subactions, the packets are set 
apart by intervals called isochronous gaps (each lasting 
illustratively 0.05 usec). 
0229. As described, the IEEE 1394 system allows isoch 
ronous data to be transmitted and received over a single 
transmission line on a multi-channel basis. 

0230 Suppose that compressed audio data (called 
ATRAC data hereunder) compatible with the MD recorder/ 
player of this embodiment are transmitted by the isochro 
nous method. In that case, if ATRAC data are subject to a 
Single-speed transfer rate of 1.4 Mbps, then time Series 
continuity (i.e., real-time characteristic) is guaranteed by 
transmitting the data in isochronous packets of 20-odd 
megabytes per 125-uSec isochronous cycle. 
0231. For example, before transmitting ATRAC data, a 
device requests an IRM (Isochronous Resource Manager) in 
the IEEE 1394 System to grant an isochronous packet size 
large enough to ensure real-time transmission of the ATRAC 
data. In response, the IRM grants or withholds permission 
for the packet size by monitoring the current data transmis 
Sion Status. If permission is granted, the ATRAC data in 
question are transmitted in isochronous packets over Specific 
channels. This procedure, of which details will not be 
described further, is called band reservation for the IEEE 
1394 interface. 

0232 Frequency ranges not used for isochronous Subac 
tions over the isochronous cycle band are utilized for 
asynchronous Subactions, i.e., for asynchronous transmis 
Sion of packets. 
0233 FIG. 10 shows an example in which two asynchro 
nous packets A and B are transmitted. The asynchronous 
packets are each followed by an ACK (acknowledge) signal, 
with an interval called an ack gap (0.05 usec long) inter 
posed therebetween. An ACK Signal is output by the receiv 
ing side (i.e., target) on a hardware basis informing the 
transmitting Side (i.e., controller) that Some asynchronous 
data have been received during an asynchronous transaction, 
as will be described later. 

0234. An interval called a subaction gap about 10 usec is 
placed before and after each data transmission unit made of 
an asynchronous packet and an ACK Signal. 

0235. Where arrangements are made to transmit ATRAC 
data in isochronous packets and to Send auxiliary data files 
accompanying the ATRAC data in asynchronous packets, it 
is possible to transmit both the ATRAC data and the auxil 
iary data files in an apparently Simultaneous fashion. 
0236 2–6. Transaction Rules 
0237 FIG. 11A is a process transition diagram showing 
basic transaction rules for asynchronous communication. 
The transaction rules are stipulated in compliance with the 
FCP. 

0238 AS depicted in FIG. 11A, a requester (transmitting 
Side) first sends a request to a responder (receiving side) in 
step S11. On receiving the request (in step S12), the 
responder Sends an acknowledgement back to the requester 



US 2005/0165981 A1 

(in step S13). When receiving the acknowledgement, the 
requester confirms that the request has been accepted by the 
responder (in step S14). 
0239). In turn, the responder sends a transaction response 
to the request from the requester (in Step S15). Upon receipt 
of the response (in Step S16), the requester returns an 
acknowledgement to the responder (in step S17). When 
receiving the acknowledgement, the responder Verifies that 
its response has been received by the requester. 
0240 Request transactions transmitted in FIG. 11A fall 
into three categories: write requests, read requests, and lock 
requests, as listed in the left-hand part of the table in FIG. 
11B. 

0241 Write requests are commands that designate data 
write operations. Read requests are commands that Specify 
data read operations. Lock requests, though not discussed 
hereunder in detail, are commands for Swap, compare, and 
mask operations. 
0242. The write requests are further grouped by the data 
Size of the command (operand) in an asynchronous packet 
(AV/C command packet, to be described later with reference 
to figures) into three types. One write request type is a write 
request (data quadlet) for sending a command according to 
the header Size alone in an asynchronous packet. The other 
two write request types are a write request (data block: data 
length=4 bytes) and a write request (data block: data 
length;44 bytes) Each of the latter two write request types 
Supplements a header of an asynchronous packet with a data 
block for command transmission. What makes the two write 
request types different from each other is that the data Size 
of the operand placed in the data block is four bytes for one 
request type and Something other than four bytes for the 
other. 

0243 As with the write requests, the read requests are 
further grouped by the data Size of the operand in an 
asynchronous packet into three types: a read request (data 
quadlet), a read request (data block: data length=4 bytes), 
and a read request (data block: data lengthz4 bytes). 
0244 Response transactions are listed in the right-hand 
part of the table in FIG. 11B. Either a write response or no 
response is defined as corresponding to any of the three write 
request types. 

0245) A read response (data quadlet) is defined as corre 
sponding to the read request (data quadlet), and a read 
response (data block) as corresponding to the read request 
(data block: data length=4 bytes) or to the read request (data 
block: data lengtha4 bytes). 
0246 A lock response is defined as corresponding to the 
lock request. 
0247 2-7. Addressing 
0248 FIG. 12A through 12E show addressing structures 
of IEEE 1394 buses. As depicted in FIG. 12A, a 64-bit bus 
address register (address space) is provided in the IEEE 
1394 format. 

0249. A high-order 10-bit region of the register desig 
nates a bus ID for identifying an IEEE 1394 bus. As shown 
in FIG. 12B, the region permits setting of up to 1,023 bus 
IDs for buses Nos. 0 through 1,022. Bus No. 1,023 is defined 
as a local bus. 
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0250) A six-bit region following the bus address in FIG. 
12A designates a Node ID of a device connected to the 
IEEE 1394 bus identified by the bus ID. As depicted in FIG. 
12C, the Node ID permits identification by up to 63 
Node IDs numbered 0 through 62. 
0251 The 16-bit region comprising the bus ID and 
Node ID above corresponds to a destination ID in a header 
of an AV/C command packet, to be described later. In the 
IEEE 1394 system, each device connected to a specific bus 
is identified by the bus ID and Node ID. 
0252) A 20-bit region following the Node ID in FIG. 
12A constitutes a register Space. The register Space is 
followed by a 28-bit register address. 
0253) The register space has a value FFFFFh indicat 
ing the register shown in FIG. 12D. The content of this 
register is defined as depicted in FIG. 12E. The register 
address designates the address of the register shown in FIG. 
12E. 

0254. In brief, addressing works as follows: information 
about an isochronous cycle time and free channels is 
obtained by referring to Serial bus-dependent registerS Start 
ing illustratively from address 5120 00 02 00h in the 
register of FIG. 12E. 
0255. A reference to the content of a configuration ROM 
starting from address 1,0240 00 04 00h permits recogni 
tion of a node type and a node-unique ID Specific to that 
node type. 
0256) 2-8. CIP 
0257 FIG. 13 illustrates a structure of a CIP (common 
isochronous packet). This is a data structure of the isochro 
nous packet shown in FIG. 10. In IEEE 1394-compatible 
communications, as mentioned above, ATRAC data (one 
type of audio data to be recorded and reproduced by the MD 
recorder/player of this embodiment) are transmitted and 
received by the isochronbus method. That is, quantities of 
data Sufficient to maintain the real-time characteristic are 
carried by isochronous packets that are transmitted one after 
another in isochronous cycles. 
0258. The first 32 bits (making up a quadlet) of the CIP 
constitute a 1394 packet header. In this packet header, a 
high-order 16-bit region indicates a Data length followed by 
a two-bit region that designates a tag. The tag is followed by 
a six-bit region designating a channel. The channel region is 
followed by a four-bit designating “tcode” which in turn is 
followed by a four-bit “sy' code. A quadlet region following 
the 1394 packet header contains a header CRC. 
0259 A two-quadlet region following the header CRC 
constitutes a CIP header. In the high-order quadlet of the CIP 
header, the most Significant two bits are each filled with a 
“0”. A six-bit region after the “00” bits indicates an SID 
(transmitting node number), followed by an eight-bit region 
designating a DBS (data block size, i.e., increment of data 
for packet formation). The DBS region is followed by an FN 
(of two bits) and a QPC (of three bits) region. The FN region 
denotes the number of Segments for packet formation, and 
the QPC region represents the number of quadlets added for 
Segmentation. 
0260 The QPC region is followed by an SPH (of one bit) 
region that indicates a flag of the header in a Source packet. 
A DBC region contains a value of a counter for detecting 
dropped packets. 
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0261 High-order two bits in the low-order quadlet of the 
CIP header are each filled with a “O’. The “OO’ bits are 
followed by an FMT (of six bits) and an FDF (of 24 bits) 
region. The FMT region denotes a signal format whose value 
permits identification of a type of data (i.e., data format) 
placed in this CIP. More Specifically, Such data types as 
MPEG stream data, audio Stream data, and digital video 
camera (DV) stream data may be identified by the FMT 
region. The data format given in the FMT region corre 
sponds illustratively to a transmission protocol Such as the 
SD-DVCR Real time Transmission (502), HD-DVCR Real 
time Transmission (503), SDL-DVCR Real time Transmis 
sion (504), MPEG2-TS Real time Transmission (505), or 
Audio and Music Real time Transmission (506) under 
management of the CIP header format (501) shown in FIG. 
5. 

0262 The FDF region is a format-dependent field des 
ignating a more detailed category of the data format classi 
fied by the FMT region. Illustratively, audio data may be 
identified in more detail as linear audio data or MIDI data. 

0263 For example, ATRAC data for use with this 
embodiment are first indicated as data falling under the 
category of audio stream data in the FMT region. With a 
predetermined value Set to the FDF region, the audio Stream 
data are further shown to be ATRAC data. 

0264. If the FMT region indicates MPEG data, then the 
FDF region holds synchronization control information 
called a TSF (time shift flag). If the FMT region denotes 
DVCR (digital video camera) data, the FDF region is 
defined as shown in the lower part of FIG. 13. This FDF 
region has a high-order 50/60 region (of one bit) designating 
the number of fields per seconds, followed by an STYPE 
region (of five bits) indicating whether the video format is 
SD or HD. The STYPE region is followed by an SYT region 
that provides a time Stamp for frame Synchronization. 
0265 Following the CIP header, the data indicated by the 
FMT and FDF regions are stored in a sequence of “n” data 
blocks. If the data are shown to be ATRAC data by the FMT 
and FDF regions, the data blocks contain the ATRAC data. 
The data blocks are terminated by a data CRC region. 
0266 2-9. Connection Management 
0267 In the IEEE 1394 format, logical connections 
called “plugs' are used to define connective relations 
between devices connected by IEEE 1394 buses. 
0268 FIG. 14 shows a typical setup of connective rela 
tions defined by plugs. The Setup constitutes a System having 
VTR1, VTR2, a set-top box (STB; digital satellite broadcast 
tuner), a monitor, and a digital still camera all connected via 
an IEEE 1394 bus. 

0269. There are two forms of plug-based IEEE 1394 
connections: point-to-point connection, and broadcast con 
nection. 

0270. The point-to-point connection specifies relations 
between a transmitting device and a receiving device. Data 
transmission takes place over a specific channel from the 
transmitting device to the receiving device. 

0271. On the other hand, the broadcast connection per 
mits data transmission without requiring the transmitting 
device to specify receiving devices and channels to be 
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utilized. The receiving devices receive the transmitted data 
without identifying the transmitting device and perform 
predetermined processes if So required by the content of the 
received data. 

0272. The setup of FIG. 14 shows two point-to-point 
connection states: one in which the STB send data and the 
VTR1 receives the data over channel No. 1, and the other in 
which the digital still camera sends data and the VTR2 
receives the data over channel No. 2. 

0273 Also shown in FIG. 14 is a broadcast connection 
State for the digital Still camera to transmit its data on a 
broadcasting basis. The broadcast data are shown being 
received by the monitor which in turn performs a predeter 
mined response process. 

0274 The above connections (plugs) are established by a 
PCR (plug control register) included in an address space of 
each device configured. 
0275 FIG. 15A depicts a structure of a plug control 
register for output (oPCRn), and FIG. 15B indicates a 
structure of a plug control register for input (iPCRn). The 
registers oPCRn and iPCRn have a size of 32 bits each. 
0276. In the register oPCR of FIG. 15A, illustratively a 
“1” set to the most significant bit (on-line) indicates data 
transmission by broadcast connection; a “0” shows that data 
are transmitted by point-to-point connection over a channel 
whose channel number is Set in a six-bit channel number 
region starting from the 11th bit relative to the MSB. 
0277. In the register iPCR of FIG. 15B, illustratively a 
“1” set to the most significant bit (on-line) indicates data 
reception by broadcast connection; a “0” shows that data are 
received by point-to-point connection over a channel whose 
channel number is Set in a six-bit channel number region 
starting from the 11th bit relative to the MSB. 
0278 2-10. Commands and Responses under FCP 
0279. In the IEEE 1394 format for this embodiment, 
auxiliary data (picture files and text files based on JPEG and 
recorded and reproduced by the MD recorder/player) are 
transmitted and received by the asynchronous method. 
0280 With this embodiment, transmission of auxiliary 
data by the asynchronous method is regulated under the FCP 
(402) shown in FIG. 5. Below is a description of a trans 
action for the transmission governed by the FCP. 
0281) A write transaction (see FIG. 11B) prescribed for 
the asynchronous method is used under the FCP. Auxiliary 
data are transmitted by this embodiment by utilizing write 
transactions for asynchronous communication in keeping 
with the FCP. 

0282) Each of the devices that support the FCP comprises 
a command/response register. A write transaction is imple 
mented by writing a message to the command/response 
register as will be explained below with reference to FIG. 
16. 

0283 FIG. 16 shows a process transition diagram 
wherein in Step S21 a controller generates a transaction 
request and Sends a write request packet to a target for a 
command transmission. In Step S22, the target receives the 
write request packet and writes data to the command/ 
response register. The target returns an acknowledgement to 
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the controller in step S23, and the controller receives the 
acknowledgement in Step S24. The StepS So far constitute a 
command transmission process. 
0284. In a process responding to the command, the target 
transmits a write request packet (in step S25). On receiving 
the write request packet, the controller writes data to the 
command/response register (in step S26). With the write 
request packet received, the controller also transmits an 
acknowledgement to the target (in Step S27). Receiving the 
acknowledgement allows the target to confirm that the write 
request packet has been received by the controller (in Step 
S28). 
0285) That is, data transmission (transactions) according 
to the FCP is based on two processes: the process of 
command transmission from the controller to the target, and 
the process of response transmission from the target to the 
controller. 

0286 2-11. AV/C Command Packet 
0287. As described earlier in reference to FIG. 5, the FCP 
allows various AV devices to communicate by the asynchro 
nous method using AV/C commands. 
0288 Three kinds of transactions, i.e., write, read and 
lock, are prescribed for asynchronous communication, as 
explained with reference to FIG. 11B. In practice, a write 
request/response packet, a read request/response packet, and 
a lock request/response packet are used in keeping with the 
different transactions. For the FCP, the write transaction is 
employed as described above. 
0289 FIG. 17 shows a format of a write request packet 
(asynchronous packet (Write Request for Data Block)). This 
embodiment uses the write request packet as its AV/C 
command packet. 
0290 High-order five quadlets (i.e., the first through the 
fifth quadlets) in the write request packet constitute a packet 
header. A high-order 16-bit region in the first quadlet of the 
packet header denotes a destination ID, i.e., an ID of a node 
Serving as a data transfer destination. The destination ID 
region is followed by a six-bit “tl” (transact label) region 
representing a packet number. The Six-bit region is followed 
by a two-bit “rt” (retry code) region indicating whether the 
packet in question is the initially transmitted packet or a 
retransmitted packet. The “rt” region is followed by a 
four-bit “tcode’ (transaction code) region designating a 
command code. The “tcode” region is followed by a four-bit 
“pri” (priority) region indicating the priority of the packet. 
0291. A high-order 16-bit region in the second quadlet of 
the packet header denotes a Source ID, i.e., an ID of a node 
Serving as a data transfer Source. 
0292 A low-order 16-bit region in the second quadlet and 
the entire third quadlet, occupying a total of 48 bits, desig 
nate a destination offset indicating two addresses: one for a 
command register (FCP COMMAND register), and the 
other for a response register (FCP RESPONSE register). 
0293 The destination ID and destination offset corre 
spond to the 64-bit address space stipulated in the IEEE 
1394 format. 

0294. A high-order 16-bit region in the fourth quadlet 
contains a data length. This region designates the data size 
of a datafield, to be described later (shown enclosed by thick 
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lines in FIG. 17). The data length region is followed by an 
extended teode region used when the tcode is extended. 
0295) A 32-bit region making up the fifth quadlet indi 
cates a header CRC. This region contains a CRC-computed 
value to checksum the packet header. 
0296 Data blocks are arranged starting from the sixth 
quadlet following the packet header. A datafield is formed at 
the beginning of data blockS. 
0297 High-order four bytes forming the datafield head 
ing the sixth quadlet describes a CTS (command and trans 
action set). The CTS region indicates an ID of a command 
Set for the write request packet in question. For example, a 
CTS value of “OOOO as shown in FIG. 17 defines the 
content of the datafield as an AV/C command. In other 
words, the write request packet is identified as an AV/C 
command packet. Thus with this embodiment, the CTS 
region is filled with “0000” to let the FCP use AV/C 
commands. 

0298. A four-bit region following the CTS has a response 
written therein indicating the result (i.e., response) of a 
process corresponding to a “ctype' (command type, i.e., a 
command function classification) or to a command. 
0299 FIG. 18 lists definitions of the command types 
(ctype) and responses mentioned above. Values 0000 
through 0111) are defined for use as “ctype” (commands). 
Specifically, the value 0000 is defined as CONTROL, 
0001) as STATUS, 0010) as INQUIRY, and 0011) as 
NOTIFY. Values 0100 through 0111) are currently unde 
fined (reserved). 
0300 CONTROL is a command used to control functions 
externally; STATUS is a command for inquiring status from 
the outside; INQUIRY is a command utilized to inquire 
externally the presence or absence of Support for control 
commands; and NOTIFY is a command employed to request 
that an external entity be notified of Status change. 
0301 Values 1000 through 1111) are defined for use as 
responses. Specifically, the value 1000 is defined as NOT 
IMPLEMENTED: 1001) as ACCEPTED: 1010) as 
REJECTED; 1011 as IN TRANSITION; 1100) as 
IMPLEMENTED/STABLE; 1101 as CHANGED; 1110 
as reserved; and 1111) as INTERIM. 
0302) The responses above are used selectively depend 
ing on the command type. For example, one of four 
responses NOT IMPLEMENTED, ACCEPTED, 
REJECTED and INTERIM is employed selectively depend 
ing on the Status of the responder. 
0303. In FIG. 17, the ctype/response region is followed 
by a five-bit region that contains a Subunit type. The Subunit 
type designates a Subunit (device) that Serves as a destina 
tion of command transmission or as a Source of response 
transmission. In the IEEE 1394 format, each device is called 
a unit and a functional unit within the unit is called a Subunit. 
Illustratively, a typical VTR as a unit comprises two Sub 
units: a tuner for receiving terrestrial and Satellite broad 
casts, and a Video cassette recorder/player. 
0304 Subunit types are defined illustratively as shown in 
FIG. 19A. Specifically, a value 00000) is defined as a 
monitor while 00001 through 00010) are reserved. A 
value 00011) is defined as a disc recorder/player, 00100 as 
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a VCR, 00101 as a tuner, 00111 as a camera, and 01000 
through 11110 are reserved. A value 11111) is defined as 
a unit for use where no Subunit exists. 

0305. In FIG. 17, a three-bit region following the subunit 
type region contains an “id” (Node ID) for identifying a 
Subunit if there exist a plurality of Subunits of the same type. 
0306 An eight-bit region following the “id” (Node ID) 
region contains an opcode which in turn is followed by an 
operand. The opcode Stands for an operation code. The 
operand contains information (parameter) needed by the 
opcode. Opcodes are defined for each Subunit in an opcode 
list table specific to the Subunit in question. Illustratively, if 
the Subunit is a VCR, diverse commands Such as PLAY 
(playback) and RECORD (recording) are defined for the 
Subunit. An operand is defined for each opcode. 
0307. A 32-bit region constituting the sixth quadlet in 
FIG. 17 is a mandatory datafield. If necessary, operands may 
be added after this datafield (shown as additional operands). 
0308) The datafield is followed by a data CRC region. 
Padding may be placed before the data CRC region where 
neceSSary. 

0309 2-12. Plugs 
0310. Described below is general information about 
plugs in the IEEE 1394 format. As described above with 
reference to FIGS. 15A and 15B, plugs represent logical 
connections between devices in keeping with the IEEE 1394 
format. 

0311 Data such as commands (requests) effective in 
asynchronous communication are Sent from a producer to a 
consumer, as illustrated in FIG. 20. The producer stands for 
a device acting as a transmitter and the consumer denotes a 
device Serving as a receiver in accordance with the IEEE 
1394 interface. The consumer has a segment buffer, shown 
shaded in FIG. 20, which accommodates data written by the 
producer. 

0312. In the IEEE 1394 system, information for desig 
nating specific devices as the producer and consumer (the 
information is called Connection Management Information) 
is retained at predetermined plug address locations indicated 
by braided lines in FIG. 20. The segment buffer is located 
following the plug address. 

0313 The range of segment buffer addresses to which the 
consumer may write data (the range thus denotes a record 
able data quantity) is prescribed by a limit count register 
managed on the consumer Side, as will be described later. 
0314 FIGS. 21A, 21B and 21C depict a structure of plug 
address SpaceS for asynchronous communication. A 64-bit 
plug address space is divided as shown in FIG. 21A into as 
many as 216 (64K) nodes, in Such a manner that a plug is 
found in the address space of each node as depicted in FIG. 
21B. Each plug includes a register indicated by braided lines 
and a segment buffer shown shaded as illustrated in FIG. 
21C. The register accommodates information (e.g., trans 
mitted data size and receivable data Size) necessary for 
exchanging data between the transmitting side (producer) 
and the receiving side (consumer), as will be explained later. 
The segment buffer is an area to which to write the data sent 
from the producer to the consumer. It is stipulated illustra 
tively that a minimum Segment buffer size is 64 bytes. 
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0315 FIG. 22A shows a typical plug address whose 
content is the same as that in FIG. 21C. As shown in FIG. 
22A, a plug address is headed by the register which is 
followed by the segment buffer. 
0316. An internal structure of the register, as indicated in 
FIG. 22B, is headed by a 32-bit producer count register 
followed by limit count registers 1 through 14 of 32 bits 
in size each. That is, one producer count register and 14 limit 
count registers make up the register. In this structure, an 
unused region comes behind the limit count register 14. 
0317. The plug structure illustrated in FIGS. 22A and 
22B is designated by offset addresses shown in FIG. 22C. 
Offset address 0 specifies a consumer port (producer count 
register) while offset addresses 4, 8, 12 through 56, and 60 
designate producer ports 1 through 14. Offset address 64 
designates a Segment buffer. 
0318 FIGS. 23A and 23B show plug structures for both 
the producer and the consumer. With Such plug Structures in 
effect, asynchronous communication is implemented by 
Writing data to the producer count register, to the limit count 
registers and to the Segment buffer in keeping with data 
exchange procedures which will be described later. The 
write operations fall under the category of the write trans 
action described above. 

03.19. The producer writes data to the producer count 
register of the consumer. More specifically, the producer first 
writes information about data transmission on the producer 
Side to the producer count register at an address Specific to 
the producer. The content of the producer count register is 
then written to the producer count register on the consumer 
Side. 

0320 The producer count register accommodates the size 
of data to be written in a single write operation by the 
producer to the Segment buffer of the consumer. That is, the 
producer that writes data to the producer count register 
performs a process of reporting the Size of data to be written 
to the consumer Segment buffer. 
0321) In response, the consumer writes data to the limit 
count registers of the producer. More specifically, the con 
Sumer first writes the size of its segment buffer to one of the 
limit count registers 1 through 14 (registern) which is 
designated corresponding to the producer. The content of the 
limit count register n is then written to the limit count 
registern of the producer. 
0322. In accordance with the data written to its limit 
count registern, the producer determines the size of data 
to be written in a Single write operation illustratively to its 
own segment buffer. The content of the segment buffer is in 
turn written to the segment buffer of the consumer. The write 
operation to the consumer Segment buffer constitutes a data 
transmission of asynchronous communication. 
0323 2-13. Asynchronous Connection Transmission Pro 
cedures 

0324 Described below with reference to a process tran 
Sition diagram in FIG. 24 are basic procedures for trans 
mission and reception by asynchronous connection where 
the inter-plug (i.e., producer-consumer) structure of FIGS. 
23A and 23B is assumed to be established. 

0325 The transmission and reception procedures shown 
in FIG. 24 are implemented using AV/C commands (write 
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request packets) in an environment stipulated by the FCP for 
asynchronous communication. Auxiliary data handled by 
this embodiment are transmitted and received by use of the 
procedures within the IEEE 1394 system. It should be noted 
that the processing shown in FIGS. 23A and 23B indicates 
only communicating operations by means of asynchronous 
connection, a communication process addressing the record 
ing and playback of auxiliary data will be described later. 
0326 In an actual asynchronous connection Setup, 
acknowledgements are Sent and received following com 
mand transmissions as shown in FIG. 16. The setup of FIG. 
24 omits illustration of acknowledgement eXchanges for 
purpose of Simplification. 

0327) For the IEEE 1394 interface, inter-plug (i.e., 
device-to-device) connective relations include controller 
target relations in addition to the above-described producer 
consumer relations. In the IEEE 1394 system, the devices 
established in producer-consumer relations may or may not 
coincide with the devices that are arranged in controller 
target relations. In other words, there may exist a device 
stipulated to offer controller functions in addition to the 
devices designated as producers. In this example, however, 
it is assumed that the producer-consumer relations coincide 
with the controller-target relations. 
0328. In step S101 in the transmission procedures of 
FIG. 24, a producer transmits a connect request to a con 
Sumer. The connect request is a command Sent by the 
producer to the consumer for requesting a connection ther 
ebetween. The command informs the consumer of a register 
address of the producer. 
0329. The connect request is received by the consumer in 
Step S102, whereupon the consumer recognizes the address 
of the register on the producer side. In step S103, the 
consumer transmits in response a connect permission to the 
producer. Upon receipt of the connect permission by the 
producer in step S104, a connection is established between 
the producer and the consumer for Subsequent data trans 
mission and reception thereby. 

0330. With the connection set up as described above, the 
consumer transmits a limit count register (abbreviated to the 
limit count hereunder) write request to the producer in Step 
S105. After receiving the limit count write request in step 
8106, the producer transmits a limit count write permission 
to the consumer in step S107. In step S108, the consumer 
receives the limit count write permission. The Sending of the 
limit count write request followed by the write permission is 
a process that determines the size of data to be written later 
to the segment buffer (i.e., segment buffer size). 
0331 In step S109, the producer transmits a segment 
buffer write request to the consumer. The segment buffer 
write request is received by the consumer in step S110. In 
response, the consumer transmits a Segment buffer write 
permission to the producer in step S111. The producer 
receives the Segment buffer write permission in Step S112. 
0332 Carrying out steps S109 through S112 completes a 
Single process of writing data from the Segment buffer of the 
producer to the Segment buffer of the consumer. 
0333. In steps S109 through S112, the data are written by 
transmission of a Single asynchronous packet shown in FIG. 
10. If the data Size transferred in an asynchronous packet is 
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less than the data Size designated by the limit count register 
and if the transmission of the necessary data is not complete 
using the Single asynchronous packet, then Steps S109 
through S112 are repeated until the Segment buffer capacity 
is full. 

0334. When the write operation to the segment buffer is 
completed in steps S109 through S112, step S113 is carried 
out in which the producer transmits a producer count register 
(abbreviated to the producer count hereunder) write request 
to the consumer. The consumer receives the producer count 
write request in Step S114 and performs a write operation to 
its producer count register. In Step S115, the consumer 
transmits a producer count write permission to the producer. 
The producer receives the producer count write permission 
in step S116. 
0335 The process above notifies the consumer of the data 
size transferred in steps S109 through S112 from the pro 
ducer to the consumer Segment buffer. 
0336. In step S117, a process is initiated to perform a 
limit count write operation following the producer count 
write process made up of steps S113 through S116. Specifi 
cally, as shown in steps S117 through S120, a limit count 
write request is transmitted from the consumer to the pro 
ducer. In response, the producer transmits a limit count write 
permission to the consumer. 
0337 Steps S109 through S120 above constitute a single 
Set of procedures for data transmission by asynchronous 
connection. If the size of data to be transmitted is greater 
than the Segment buffer Size and if the transmission of the 
data is not complete in a series of steps S109 through S120, 
then steps S109 through S120 are repeated until the data 
transmission is completed. 
0338 When the data transmission is completed, the pro 
ducer in Step S121 transmits a disconnect request to the 
consumer. The consumer receives the disconnect request in 
Step S122, and transmits a disconnect permission in Step 
S123. The producer receives the disconnect permission in 
Step S124, which completes the data transmission and recep 
tion by asynchronous connection. 

0339) 2-14. Reserve Commands 
0340 Reserve commands are defined as an interface of 
AV/C commands according to the above-described IEEE 
1394 data interface requirements. 
0341) If a device acting as a controller transmits a reserve 
command to a device Serving as a target and if the target 
accepts the reserve command, then the target enters a reserve 
mode in which only commands (requests) from the control 
ler that has sent the reserve command are accepted and 
commands from any other device are rejected. 

0342. With the reserve mode thus established, only the 
controller having issued the reserve command executes 
remote control on the device Serving as the target. No other 
controller can exercise remote control over the target. 
0343 Reserving the device functioning as the target 
averts possible conflict of processing between a single target 
and a plurality of controllers attempting to exercise remote 
control concurrently on the target. This feature, as men 
tioned earlier, has been proposed by this applicant in PCT 
Application No. PCT/JP99/06411. 
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0344 FIG. 25 shows a data structure of a reserve control 
command. A controller transmits the reserve control com 
mand to a target in making a reserve request to the latter. 
0345 The reserve control command shown in FIG.25 is 
placed following the opcode in the datafield of a write 
request packet (AV/C command packet) illustrated in FIG. 
17. 

0346 A value “01h” (“h” stands for hexadecimal nota 
tion) is set to the eight-bit opcode region. The value iden 
tifies a reserve command. 

0347 An operand 0 (of 1 byte) following the value 
“01h contains a value designating the priority of reserva 
tion. The larger the priority value, the higher the priority. 
The target being reserved retains a priority value. If any 
other controller Subsequently sends a reserve request (i.e., 
transmits a reserve command), the target compares its cur 
rently held priority value with the priority value in the newly 
transmitted reserve command to check whether to accept or 
reject the reserve request. A target not reserved has a priority 
value of 0. 

0348. Each one-byte region in the operands 1 through 
12 constitutes a text region capable of accommodating up 
to 12 bytes of text information in ASCII code. If there is no 
need to Store text in the regions of the operands 1 through 
12), they are filled with FFh. 
0349 FIG. 26 depicts a data structure of a reserve status 
command as another reserve command. 

0350. The reserve status command is used to check the 
currently established priority in a reserved (as well as 
unreserved) device. Suppose that there are two controllers A 
and B and that a target is being reserved by the controller A 
at priority 5. In that case, if the controller B attempts to 
reserve the same target using a reserve control command at 
priority 1, the reserve request will be rejected. 
0351. The rejection of the request is circumvented by the 
controller B which, upon reserving the target, initially trans 
mits a reserve Status command thereto before Sending a 
reserve control command. The reserve Status command 
prompts the target to report its current priority to the 
controller B. 

0352. The reserve status command shown in FIG. 26 is 
positioned following the opcode in the datafield of a write 
request packet (AV/C command packet) in FIG. 17. 
0353. In this case, too, the value “01h” (“h” stands for 
hexadecimal notation) is set to the eight-bit opcode region. 
The value identifies a reserve command. 

0354) However, because it is not necessary for the reserve 
Status command to Specify priority, no region is provided to 
accommodate a priority value. The regions of the operands 
0 through 12 are thus filled with FFh. 
0355 2-15. Background of This Invention 
0356. For this embodiment of the invention, the reserve 
commands are defined as described above. It has been found 
that rules prescribing the reserve commands can lead to 
certain inconveniences, as will be described below with 
reference to FIGS. 27 and 28. 

0357 FIG. 27 shows controlling relations in an IEEE 
1394 bus setup among the personal computer 200, CD 
player 100, and MD recorder/player 1 included in FIG. 1. 
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0358 In this setup, it is assumed that the personal com 
puter 200 acts as a controller while the CD player 100 and 
MD recorder/player 1 Serve as targets. It is also assumed that 
the personal computer 200 has reserved both the CD player 
100 and the MD recorder/player 1. 
0359 Suppose that under remote control of the personal 
computer 200 as part of an IEEE 1394 system, audio data 
reproduced by the CD player 100 are recorded to the MD 
recorder/player 1 in what is generally known as dubbing. 
0360 During dubbing between digital audio devices, 
So-called copy management is usually effected to protect 
copyrights because digital Signals involved keep the quality 
of recorded sound uncorrupted. In the system shown in FIG. 
1, copy management information called AKE (Authentica 
tion and Key Exchange) is referenced to perform intercom 
munication between the playback device and the recording 
device for authentication. 

0361 For example, the MD recorder/player 1 sends to the 
CD player 100 an AKE challenge command requesting 
authentication (AKE) of the data currently reproduced from 
the CD. Upon receipt of the AKE challenge command, the 
CD player 100 performs an authentication process with the 
MD recorder/player 1. If authentication is established, then 
a proper dubbing operation is initiated between the two 
devices. 

0362) If a reserve mode is established for both the CD 
player 100 and the MD recorder/player 1 as described above, 
the two devices will not accept any commands from any 
device other than the personal computer 200. This means 
that if an AKE command is sent from the CD player 100 to 
the MD recorder/player 1 or vice versa, the command will 
be rejected and no authentication will result. 
0363. In the IEEE 1394 system, it is necessary to grasp 
the attributes of all devices connected to the bus. Informa 
tion identifying the attributes Specific to each device is 
defined as a subunit identifier descriptor (abbreviated to SID 
hereunder where appropriate). The information is stored in 
each device compatible with the IEEE 1394 interface. 
0364. At any one time, a device attached to an IEEE 1394 
bus in the IEEE 1394 system may request acquisition of SID 
information from Some other device on the bus. 

0365 Suppose that in the relations depicted in FIG. 27, 
it has become necessary for the CD player 100 to obtain SID 
of the MD recorder/player 1 and that the CD player 100 
actually transmits to the MD recorder/player 1 an SID 
command (abbreviated to SIDC) to request acquisition of 
the SID of the latter. In that case, the MD recorder/player 1 
rejects the command because it is being reserved by the 
personal computer 200. The SID cannot be obtained from a 
device placed in the reserve mode. 
0366 Such a situation can also occur when either the CD 
player 100 or the MD recorder/player 1 is placed in the 
reserve mode. 

0367 The reserve commands are also subject to other 
rules to be described below with reference to FIG. 28. 
Suppose now that a device Serving as a target is being 
reserved by a controller A and that a bus reset has occurred 
in that Setup. In that case, the reserve mode effective So far 
is canceled. During 10 Seconds following generation of the 
bus reset, the target can only be reserved by the controller A 
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that has reserved it until the bus reset. In other words, the 
target accepts only a reserve command issued by the con 
troller A during the 10-second Standby period and rejects a 
reserve command sent by a controller B which has not 
reserved the target before the bus reset. 
0368 If, during the 10-second period after the bus reset, 
the controller A transmits a reserve command followed by a 
PLAY command for playback as illustrated in FIG. 28, then 
the target accepts the commands and establishes another 
reserve mode while concurrently Starting a playback opera 
tion. Until 10 Seconds elapse after generation of the bus 
reset, any reserve command Sent by the controller B to the 
target is rejected by the latter. 

0369. If the controller Adoes not reserve the target within 
the 10-second standby period following the bus reset, the 
reserve command transmitted by the controller B is accepted 
by the target after the 10-second period expires. The con 
troller B can now reserve the target. If the controller B sends 
a PLAY command thereafter to the target, the target 
responds to the commands and initiates playback. 
0370. As described, under rules applicable to reserve 
commands, the controller B that has not reserved the target 
before a bus reset cannot reserve it until 10 Seconds elapse 
following the bus reset. A user, having Switched to the 
controller B to reserve the target for remote control follow 
ing the bus reset, must wait for the standby period of 10 
Seconds to elapse. Under the circumstances, the user may 
perceive the 10-second wait as a relatively drawn-out period 
that can be an impediment to the availability of the System. 

0371 The inconveniences outlined above are circum 
vented by this invention in ways described below. 
0372 2-16. Vender Dependent Reserve Commands 
0373) In practicing the invention, vendor dependent 
reserve commands may be defined in addition to the reserve 
commands (reserve control command and reserve Status 
command) described with reference to FIGS. 25 and 26. 
0374. In the description that follows, the reserve com 
mands described in connection with FIGS. 25 and 26 will 
be referred to as normal reserve commands in distinction 
from Vender dependent reserve commands. The Vender 
dependent reserve commands may be abbreviated to VD 
reserve commands below where appropriate. 
0375 VD reserve commands are allowed to be addition 
ally provided by Venders using descriptions of Vender 
dependent commands according to the API of the IEEE 1394 
data interface. 

0376 FIG. 29 shows a data structure of a vender depen 
dent command. This structure is also placed following the 
opcode in the datafield of the write request packet (AV/C 
command packet) depicted in FIG. 17. 
0377. A value “00h' is set to the eight-bit opcode region. 
The value identifies a vender dependent command. 
0378. A three-byte region made up of operands 0 
through 2) accommodates a company ID unique to each 
Vender. 

0379 Operands 3 through n following the three-byte 
region of operands 0 through 2 hold vender dependent 
data designating the contents of the Vender dependent com 
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mand in question. Aspecific content of the Vender dependent 
data indicates that this is a VD reserve command. 

0380 FIG. 30 depicts typical contents of a VD reserve 
command to reserve an MD recorder/player Serving as a 
target. 

0381. The opcode region holds a value “00h' identifying 
a vender dependent command. The company ID region 
made of the operands 0 through 2 accommodates values 
“08h”, “00h” and “46h” corresponding to the operands 0 
through 2 respectively to identify a specific vender (i.e., 
manufacturer). A four-byte region made up of operands 3 
through 6 retains values “FOh”, “03h”, “01h” and “02h” 
corresponding to the operands 3) through 6) respectively. 
These are values prescribed for operative expediency on the 
part of the vender identified by the company ID. 
0382 Regions of an operand 7 and subsequent operands 
hold data illustratively in the same manner as with the 
reserve control command shown in FIG. 25. 

0383) The operand 7 holds “01h” indicating that this is 
an VD reserve command for reserving an MD recorder/ 
player. An operand 8 following the operand 7 stores 
priority. Operands 9 through 20 accommodate text. 
0384 2-17. Processing by the Target in Reserve Mode 
0385) When accepting a VD reserve command from a 
controller, a target enters a VD reserve mode. In the VD 
reserve mode, the target in principle rejects commands from 
devices other than the controller that is reserving the target. 
However, in the inventive Setup described herein, the target 
is made to accept at least a command for handling commu 
nication of copy control information called AKE (see FIG. 
27) as well as an SIDC (FIG. 27). 
0386 Returning to FIG. 27, it is assumed that the per 
sonal computer 200 acting as the controller has sent VD 
reserve commands to the CD player 100 and MD recorder/ 
player 1 Serving as targets, placing the latter two devices in 
the VD reserve mode. 

0387. On that assumption, the personal computer 200 
executes remote control to have a dubbing operation per 
formed from the CD player 100 to the MD recorder/player 
1. At this point, as described above, the CD player 100 and 
MD recorder/player 1 exchange AKE commands therebe 
tween for AKE authentication. Because the AKE command 
is accepted by a reserved device when it is in the VD reserve 
mode, an authentication process involving the AKE is car 
ried out between the CD player 100 and the MD recorder/ 
player 1. If the result of the process is normal, the dubbing 
operation is allowed to proceed. 
0388. Where the CD player 100 and MD recorder/player 
1 are both set in the VD reserve mode, the CD player 100 
may illustratively transmit an SIDC to the MD recorder/ 
player 1 to acquire the SID of the latter. On receiving the 
SIDC, the MD recorder/player 1 sends its SID to the CD 
player 100 in return. This allows the CD player 100 to obtain 
the SID of the MD recorder/player 1. 
0389). If illustratively the MD recorder/player 1 is in the 
VD reserve mode, it rejects commands other than the AKE 
command or SIDC (Such as operation commands related to 
recording and playback as well as recorded data editing 
commands) coming from other controllers. It is thus pos 



US 2005/0165981 A1 

Sible, as with the normal reserve commands, to avert conflict 
of processing between a target and multiple controllers 
executing remote control. 
0390. In short, even when a target is reserved by a 
controller So as to reject in principle commands from any 
other controller, the embodiment of the invention allows the 
target to accept certain commands Such as AKE-related 
commands So that information affecting operations required 
by the IEEE 1394 system will not be blocked. This enhances 
the availability of the IEEE 1394 system. 
0391) A device placed in the VD reserve mode accepts a 
reserve command (normal reserve command or VD reserve 
command) following a bus reset through a procedure shown 
in FIG. 31. 

0392 Suppose that in the setup of FIG. 31, a controller 
A has put a target in a VD reserve mode and that a bus reset 
is generated at a given point in time. 
0393 With the VD reserve mode in effect, the standby 
period of the target explained above with reference to FIG. 
28 is set for two seconds. Under this condition, if the 
controller A is replaced by a controller B to reserve the target 
following a bus reset, a reserve command transmitted by the 
controller B two seconds after the bus reset is accepted by 
the target. 
0394 That is, as shown in FIG. 31, the controller B first 
sends a reserve command followed by a PLAY command to 
start playback. This operation is carried out upon elapse of 
as few as two Seconds following the bus reset. 
0395. Described below with reference to a flowchart of 
FIG. 32 is what the target side does upon receipt of the 
above-mentioned AKE command or SIDC. The process 
shown in FIG. 32 is carried out illustratively by the system 
controller 11 of the MD recorder/player 1 when the latter 
Serves as the target. 
0396) In the process of FIG. 32, the controller waits for 
a command to be received in step S201. When a command 
is received, step S202 is reached. 
0397. In step S202, a check is made to see if a reserve 
mode (normal reserve mode or VD reserve mode) is cur 
rently in effect. If the reserve mode is found to be established 
in step S202, step S203 is reached. If the reserve mode is not 
judged to be in effect, step S206 is reached. 
0398. In step S203, the content of the received command 

is checked to see if the command has been transmitted from 
the controller currently reserving this MD recorder/player 1. 
If the command is found to be sent from the relevant 
controller, step S204 is reached. If the command is judged 
to be coming from a device (controller) other than that is 
currently reserving the MD recorder/player 1, then step S206 
is reached. 

0399. In step S204, a check is made to see whether the 
currently established reserve mode is the normal reserve 
mode or the VD reserve mode. If the normal reserve mode 
is in effect, step S207 is selected; if the VD reserve mode is 
being selected, step S205 is reached. 
0400. In step S205, a check is made to see if the com 
mand received in step S201 is any one of the AKE command 
and SIDC. If the received command is found to be the AKE 
command or the SIDC, step S206 is reached. If the com 
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mand is judged to be other than the AKE command or the 
SIDC, then step S207 is reached. 
04.01. In step S206, the command received in step S201 
is accepted and this routine is terminated. Thereafter a 
process stipulated by the content of the command is carried 
Out. 

0402. In step S207, a notice is issued to reject the 
command received in step S201. Then this routine is termi 
nated. 

0403. The operation ranging from step S202 to step S206 
constitutes a proceSS for accepting the received command 
because no reserve mode is in effect. The operation from 
step S203 to step S206 makes up a process for accepting the 
command even though the reserve mode is being established 
because the command comes from the controller currently 
reserving the target. 
04.04 The operation from step S204 to step S207 is a 
process that rejects the received command because, with the 
normal reserve mode in effect, the command is coming from 
a device other than the controller currently reserving the 
target. 

04.05) The operation from step S205 to step S207 consti 
tutes a process which, with the VD reserve mode estab 
lished, rejects a command other than the AKE command or 
SIDC coming from a device other than the controller reserv 
ing the target. 
0406 According to the invention, the commands allowed 
to be accepted in the VD reserve mode are not limited to the 
AKE command and SIDC alone, and may be supplemented 
with other commands in keeping with the actual arrange 
ments for use. With the VD reserve mode in effect, the 
standby period following a bus reset is not limited to two 
Seconds, the duration may be altered as needed. 
0407. A plurality of types of VD reserve commands may 
be defined, with a different command accepted for each VD 
reserve command. The invention is not limited to the IEEE 
1394 criteria only and may be applied to digital data 
interfaces according to other criteria, Standards and recom 
mendations. 

0408. As described and according to the invention, two 
kinds of reserve command are defined: normal reserve 
command (first reserve command) and VD reserve com 
mand (second reserve command). A device acting as a 
controller transmits any one of these reserve commands. A 
device Serving as a target enters a normal reserve mode 
when receiving a normal reserve command, or establishes a 
VD reserve mode upon receipt of a VD reserve command. 
When the. VD reserve mode is in effect, certain commands 
are accepted which are included in the information pre 
scribed to be rejected if received from any device other than 
the controller in the normal reserve mode. 

04.09 The feature above bypasses conventionally expe 
rienced inconveniences, i.e., the inability to receive and 
respond to a command from a device other than the con 
troller currently reserving the target So as to carry out a 
certain operation required within the System. This contrib 
utes to boosting the availability of the digital interface 
System. 

0410. Further according to the invention, if a target 
accepting a reserve command enters a VD reserve mode and 
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if a bus reset occurs in the VD reserve mode, it is possible 
to Set a reduced time to elapse before accepting and pro 
cessing a reserve command from a device other than the 
controller that has reserved the target prior to the bus reset, 
the reduced time being shorter than a time Set to elapse 
before receiving and processing a normal reserve command. 
0411 The feature above allows the user, after Switching 
to a different controller for reserving the target following a 
bus reset, to shorten the Standby time that must elapse before 
remote control can be exercised. This also contributes to 
enhancing the availability of the digital interface System. 
0412. As many apparently different embodiments of this 
invention may be made without departing from the Spirit and 
Scope thereof, it is to be understood that the invention is not 
limited to the Specific embodiments thereof except as 
defined in the appended claims. 

1-17. (canceled) 
18. A control method for controlling a plurality of target 

devices connected to a data bus for transferring data in a 
predetermined communication format, Said control method 
comprising: 

generating a first reserve command for permitting trans 
mission of commands from the controller device Send 
ing the first reserve command to a first target device 
that accepts the first reserve command from the con 
troller device, and for inhibiting communication 
between the first target device and all other of the target 
devices and all other controller devices, 

generating a Second reserve command for permitting 
transmission of commands from the controller device 
to the first target device, and for permitting transmis 
Sion of at least one designated command to Said first 
target device from other controller devices, and for 
inhibiting communication of other than the at least one 
designated command to Said first target device from the 
other controller devices, and 

Selectively transmitting to Said target devices and other 
controller devices Said first reserve command and 
Selectively transmitting to Said target devices Said Sec 
ond reserve command, 

wherein Said predetermined communication format com 
plies with IEEE 1394 criteria. 

19. A control method for use in a communication System 
including a controller device, a data bus for transferring data 
in a predetermined communication format, and a plurality of 
target devices connected via Said data bus to Said controller 
device, Said control method comprising: 

generating a first reserve command for permitting trans 
mission of commands from the controller device Send 
ing the first reserve command to a first target device 
that accepts the first reserve command from the con 
troller device, and for inhibiting communication 
between the first target device and all other of the target 
devices and all other controller devices, 

generating a Second reserve command for permitting 
transmission of commands from the controller device 
to the first target device, and for permitting transmis 
Sion of a designated command to Said first target device 
from other controller devices; 
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generating a bus reset command for resetting Said data bus 
for transferring data in Said predetermined communi 
cation format, and 

Selectively transmitting to Said target devices and other 
controller devices Said first reserve command Selec 
tively transmitting to Said target devices Said Second 
reserve command, and Selectively transmitting to Said 
target devices Said bus reset command; and 

wherein in each of Said target devices the method further 
comprises: 

receiving Said first reserve command, Said Second reserve 
command, and Said bus reset command; 

judging whether a reserve command received by Said 
receiving is said first reserve command or Said Second 
reserve command; and 

validating a reserve command received by Said receiving 
upon elapse of a first predetermined time following a 
bus reset if the reserve command thus received is 
judged to be Said first reserve command; validating a 
reserve command received by Said receiving upon 
elapse of a Second predetermined time following Said 
bus reset, Said Second predetermined time being shorter 
than Said first predetermined time, if the reserve com 
mand thus received is judged to be said Second reserve 
command. 

20. A communication System according to claim 19, 
wherein Said Specific command transmitted to Said first 
target device provides authentication between said first and 
another target device. 

21. A communication System according to claim 19, 
wherein Said Specific command transmitted to Said first 
target device identifies attributes of any one of Said first and 
another target device. 

22. A communication System according to claim 19, 
wherein Said predetermined communication format com 
plies with IEEE 1394 criteria. 

23. A communication System according to claim 19, 
further comprising Selecting either Said first reserve com 
mand or Said Second reserve command for transmission to 
Said target devices. 

24. A control method for use in a communication System 
including a controller device, a data bus for transferring data 
in a predetermined communication format, and a plurality of 
target devices connected via Said data bus to Said controller 
device, Said control method device comprising: 

generating a first reserve command for permitting trans 
mission of commands from the controller device Send 
ing the first reserve command to a first target device 
that accepts the first reserve command from the con 
troller device, and for inhibiting communication 
between the first target device and all other of the target 
devices and all other controller devices, 

generating a Second reserve command for permitting 
transmission of commands from the controller device 
to the first target device, and for permitting transmis 
Sion of at least one designated command to Said first 
target device from other controller devices, and for 
inhibiting communication of other than the at least one 
designated command to Said first target device from the 
other controller devices, and 
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Selectively transmitting to Said target devices and other in accordance with the Second reserve command trans 
controller devices Said first reserve command and mitted in Said Selective transmitting, and 
Selectivelv transmitting to Said target devices Said Sec 

y 9. 9. wherein Said predetermined communication format com 
ond reserve command; plies with IEEE 1394 criteria. 

wherein each of Said target devices Selectively receives 
Said Specific command from Said another target device k . . . . 


